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I. INTRODUCTION 

The rapid urbanization of the Williamson Road area of Roanoke dur-

ing the late 1940's and early 1950's caused several drainage problems. 

Uncontrolled development of the district which was then not a part of 

the City of Roanoke brought about wholesale plugging of many of the 

natural passageways for the escape of surface waters (1). Before this 

time, this section was drained by several dozen sinkholes and openings 

in the rocks which led to underground conduits and caverns. Cooper (1) 

in his report to the City on the drainage problem said that "the pond-

ing of storm waters in the Williamson Road area is in part the direct 

result of the erection of hundreds of residences which have necessitated 

moving large quantities of the thick, dense, nearly impermeable clay 

that has accumulated over a long period of time. Moving this clay with-

out any overall plan of drainage and in utter disregard for the many 

natural avenues of escape for surface water via sinkholes and fissures 

in the bedrock has finally shut off and closed these convenient exits." 

In order to solve this problem, the City of Roanoke hired Dr. 

Byron Cooper, then head of the Geology Department at Virginia Polytech-

nic Institute, to study the possibility for the underground disposal 

of storm drainage. In Cooper's (1) final report he noted 47 places 

where there were ponding problems. Of these only five could not be 

connected to underground solution seams or fractures in the bedrock by 

the use of drainage wells. By using aerial photographs, he located 

the sites for the wells. Since then, several of the wells have had to 

be abandoned because of lack of drainage. 

l 
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The 127 wells were drilled between the years 1955-1969 and range 

in depth between 51 1 and 335'. A typical well (Figure 1) consists of 

a vertical shaft 10 11 to 12 11 in diameter which is cased to the bedrock. 

The casing usually comes up a foot above the bottom of the manhole to 

allow for settlement of much of the larger particles. These wells are 

located centrally and are connected by pipes to surrounding drainage 

basins. The locations of the drainage wells, the depths, and the water 

levels when drilled are given in a subsequent section of this report. 

It has been nineteen years since the first drainage well was 

drilled. Because of the inability of the many wells to handle the run-

off many of the same ponding problems still exist. In addition, poten-

tially dangerous cave-ins have occurred near many of the wells. Even 

though the wells cost the city only $85,000 compared to an estimated 

5 million dollars for storm sewers (1), many of the residents wish the 

wells didn't exist. The existence of these wells, however, did give 

this author an opportunity to study: 

1. The geology and its control of the ground-water surface 

and quality in the Williamson Road area. 

2. The interaction between urban runoff and the ground-water 

in the rocks near the wells. 

3. The general ground-water quality in the rocks. 

4. The direction of flow of the ground-water. 

Location of Study Area 

The Williamson Road Drainage Area is located in the northern part 

of the City of Roanoke and the adjacent part of Roanoke County (Figure 
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2). The base map for the study was the Roanoke Quadrangle, Virginia 

7.5 minute series published in 1968 by the United States Geological 

Survey. The area, which is approximately 21.4 square miles, lies 

between Virginia Coordinates 1,570,000 feet and 1,590,000 feet on the 

west and east and between 340,000 feet and 370,000 feet on the south 

and north. 

Physiography 

The Williamson Road area of the City of Roanoke, Virginia, lies 

within the Roanoke River Valley which is situated between the Valley 

and Ridge, and the Blue Ridge Mountain physiographic provinces of the 

Southern and Central Appalachian Mountains. The southern border of 

the area is the Roanoke River. The area is drained by the Roanoke 

River and its tributaries, Peters Creek in the west, Carvins Creek in 

the northwest-central, and Tinker Creek which is located in the east-

central portion. Flowing through a major water gap southeast of 

Roanoke, the Roanoke River eventually ends in the Atlantic Ocean. 

Being located on the flood plain of a major river, there is little 

relief in the Williamson Road area. Not including Roundhill, which 

has an elevation of 1240 feet, and is believed to be klippe of the 

Blue Ridge fault block (2), the maximum relief is 240 feet. The high-

est elevation, 1140 feet, is found in the northern end of the area and 

the lowest, 900 feet, is found on Tinker Creek. 

Beyond the borders of the area and the City of Roanoke, there 

are several other physiographic features worth noting. The area is 
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essentially surrounded by mountains. To the north there are the Green 

Ridge, Deadman 1s Mountain, and Tinker Mountain Ridge complexes of the 

Valley and Ridge Province. The Blue Ridge Mountain Province lies north-

east and south of the area. Read and Coyner Mountains are to the east 

and are primarily supported by Silurian and lower Devonian sandstone. 



II. LITERATURE REVIEW 

Previous Investigations of the Study Area 

The area in which the drainage wells were drilled has been well 

mapped geologically. The principle investigators were Woodward (3), 

Cooper (l ,4), Andrews (5), and Hazlett (2). Others such as Latta (6) 

and Waller (7) also added information. 

Woodward was the first to undertake the mapping of the area. 

Included in his map, which had a scale of 1:125,000, was Roanoke and 

the surrounding area. This work was one of the principle guides for 

Cooper (1) in 1953 in locating the sites for the drainage wells. 

Woodward's map was also the basis for the Roanoke section of Butts' (8) 

"Geologic Map of the Appalachian Valley." Andrews (5) in 1952 mapped 

the Roanoke area giving more stress to the structural characteristics. 

Cooper (1) also used this work in his evaluation of the Williamson Road 

drainage problem. 

Cooper's investigation on "the possibilities for the underground 

disposal of ponded storm waters accumulating from time to time in the 

Williamson Road District" used information from aerial photographs, 

field investigations, and sources such as Woodward and Andrews, to 

determine the best sites for the location of the drainage wells. In 

his final report, the geology of the area was given. 

The most complete and comprehensive study of the district was 

done by Hazlett (2) in 1968. In his Doctoral Dissertation, Hazlett 

gives a complete geologic interpretation of "approximately 70 square 

7 
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miles of northern Roanoke City, adjoining portion of eastern Roanoke 

County and southern Botetourt County and a small portion of western 

Bedford County" (2). Also included in this work was what Hazlett des-

cribes as the structural evolution of the area. 

Reports on ground-water and its relationship to the geology of the 

Roanoke-Salem area were given by Latta (6) and Waller (7) (unfinished 

doctoral dissertation). Latta's work was based entirely on Woodward's 

work. The geologic information that Waller (7) used was a summary of 

all the geologic studies in the Upper Roanoke River Basin. 

Geology of the Williamson Road District 

The following section is almost entirely based on the work done 

by Hazlett (2), Cooper (1), and Waller (7). These studies are the 

most recent and complete reports of the geology of the northern part 

of Roanoke City. The author, however, did do some reconnaissance map-

ping of the area. Figure 3 represents the geology of the Williamson 

Road district based on Hazlett's map. 

The area around Williamson Road is extremely complex geologically. 

In the district, there are at least seven different rock formations 

and four major faults; the Salem, the Pulaski, the Blue Ridge, and the 

Max Meadows (1,2,3,4,5). Detailed mapping is extremely difficult due 

to urbanization and the thick clay soil that covers most of the area. 

When Cooper (1) in 1953 mapped the district, indigenous soil gave an 

insight to the composition of the bedrock below. However, during this 

time period the Williamson Road area was being built up and loose fill 
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material was brought in from in and around the city and consequently 

the soil did not always reflect the true nature of the bedrock (1). In 

order to obtain a better understanding of the geology Cooper and Hazlett 

had to piece together all exposures of bedrock from in and outside the 

area plus information from aerial photographs, from Woodward's work 

and from Andrew's study, in order to get a geologic map. 

Stratigraphy 

Stratigraphy is that part of geology that "deals with the dis-

crimination, thickness, sequence, age, and correlation of the rocks in 

the district" (10). In the Williamson Road area there are several 

exposed rock formations. The following descriptions are based on the 

work of Hazlett (2) and Cooper (1) with primary emphasis on the Rome, 

Elbrook, and Copper Ridge Formations which make up the drainage well 

area. 

The Rome Formation 

The Rome Formation in the Williamson Road district is strictly 

allochthonous and belongs to the Max Meadows thrust sheet (2). Cam-

brian in age, the Rome is believed to be at least 2000 feet thick 

in the Roanoke Valley (3). Essentially impermeable and found through-

out the southwestern portion of Virginia, the Rome is the southern-

most formation on the map (Figure 3). 

Hazlett (2) describes the Rome as a "heterogeneous succession of 

variegated shales and siltstones with interbeds of limestone and 
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dolomite. 11 The formation in the Roanoke area is highly folded and 

fractured with zones of breccia associated with the Max Meadows fault 

zone (7). The siliceous shales and siltstones which are red, olive-

drab, and brownish buff in color, underlie areas characterised by par-

alled valleys and narrow ridges. 

Cooper (1) found exposures along Williamson Road between Orange 

Avenue and Liberty Avenue. Other out crops can be found along side 

streets from Connecticut Avenue northward to Strand Road and Laconia 

Avenue. Exposures can also be found from Oak Avenue to the southern 

end of Hillcrest Avenue. Having such a variety of lithologies, the 

Rome can be extremely impermeable and plastic or permeable and hard 

such as that found in the interbeds of limestone and dolomite (1 ,2,7). 

The Elbrook Formation 

Directly to the north of the Rome there is a narrow belt of highly 

fractured and crumbled dolomite which is believed to be the beginning 

of the Elbrook Dolomite, but due to limited exposure it cannot be well 

identified. The Max Meadows thrust fault separates the lower Elbrook 

from the Rome shale (l,2,3). 

The Elbrook Formation is upper Cambrian in age and is composed of 

thin-to medium bedded dolomite, with some limestone and yellow shale 

(7). The lower Elbrook and some unknown portion of the Copper Ridge 

are allochthonous in the Williamson Road area. The upper and lower 

boundaries are defined by thrust faults. The northern boundary is the 

Salem Fault and the southern boundary the Max Meadows (2,7). The 
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upper Elbrook which is overlain conformally by the Cooper Ridge is 

part of the Pulaski thrust sheet and is located in the north central 

portion of the map (Figure 3). 

Exposures of the Elbrook can be found along Tinker Creek but most 

of the bedrock is covered by a 11 thick, extensive regolith which is 

mainly coarse alluvium and a bright-orange to orange-red clay-rich 

soil 11 (2). When the drainage wells were drilled thicknesses of 40 to 

80 feet of soil were reported (2). Cooper (4) believed that much of 

the soil was not the product of the erosion of the Elbrook due to the 

local occurence of fragments of arkosic sandstone and crystalline 

Blue Ridge. 

The Knox Group 

The Knox Group is Cambrian-Ordovician in age and in the Williamson 

Road area is composed of the Copper Ridge, the Chepultepec, and the 

Beekmantown formations. 

The Copper Ridge Formation 

The Copper Ridge like the Elbrook is allochthonous and is con-

tained in the Salem and Pulaski thrust sheets. The basal portion of 

the Copper Ridge is largely a sand and silt bearing dolomite. Above 

this arenaceous layer, there is a zone of dolomite, cherty dolomite, 

thin beds of sandstone, and a few beds of ribbony limestone (2). 

Locally, in the Pulaski Fault sheet above the dolomite rich section, 

there is a layer of Cryptozoan chert which is overlain by a bed of rib-

bon banded limestone (2). 
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The extent of Copper Ridge in the Salem thrust sheet is not 

exactly known (2). In the Pulaski sheet, the Copper Ridge lies con-

formally of the upper Elbrook to the northwest. Exposures in the 

Williamson Road district can be found along Tinker Creek near Hollins 

Station south to the highway overpass across the Shenandoah Division 

line of the Norfork and Western Railway and in the old quarries between 

Columbia Street and Tinker Creek (1). The best exposures are found 

along State Route 652 (2). Hazlett (2) determined that the Copper 

Ridge is approximately 1000 to 1100 feet thick in the area. 

Chepultepec Formation 

The Chepultepec which overlies the Copper Ridge is a thin to 

medium bedded limestone with interbeds of dolomite. This formation, 

which is also part of the Pulaski thrust sheet, contains the index 

fossil Finkelnburgia, a brachiopod. 

Beekmantown Formation 

The Beekmantown Formation rests conformally of the Chepultepec 

and the Copper Ridge in the Pulaski thrust sheet and is exposed along 

the trace of the Salem Fault north of Woodrum Airport (2). 

Hazlett (2) defines the Beekmantown as a "fine to course-grained 

dolomite with interbeds of fine grain, gray limestone." Residual 

chert is found along many of the broad, flat-crested ridges which are 

supported by the Beekmantown. 
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Lower-Middle Ordovician Unconformity 

Throughout this area of the Appalachian Mountains, there is an 

erosional unconformity between the Upper Knox and the Middle Ordovician 

limestones. Eubank (9) estimated that there was at least 360 feet of 

relief removed along the unconformity over a distance of 3.3 miles 

along strike. This is believed by Hazlett (2) to have been caused by 

the lowering of seawater and the folding of strata causing wide spread 

erosion over the surface. 

Middle Ordovician Limestones 

The Middle Ordovician limestones in the northern part of the 

Williamson Road District include the New Market, the Lincolnshire-

Whistle Creek, the Effna, and the Fetzer Formations. 

According to Hazlett (2), the New Market limestone is "gray with 

irregularly distributed masses of sparry calcite." The Lincolnshire-

Whistle Creek Formation lies upon the New Market. This limestone is 

dark bluish-gray and is coarsely granular. Outcrops found by Cooper 

(1) were along State Route 118 east of Woodrum Airport. This formation 

makes up about one-half of the Middle Ordovician sequence (2). The 

Effna which is light to medium-gray, highly fossiliferous, and coarsely 

granular outcrops along U. S. Route 11 across from Archies' Lobster 

House (1). Resting on the Effna is a "thin bedded, dark grey, impure 

granular limestone" which is called the Fetzer Formation (2). 
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The thickness of the Middle Ordovician limestone in the Roanoke 

area is about 800 feet thick. These formations are purely allochthonous 

and are contained in the Pulaski thrust sheet. 

Liberty Hall Formation 

The northwestern part of Northern Roanoke area is composed of a 

black shale that has interbeds of argillaceous limestone. The buff 

weathering shale is considered to be the Liberty.Hall Formation. 

Hazlett (2) estimated the thickness to be between 900 and 1300 feet. 

The Liberty Hall is both allochthonous and autochthonous in nature. 

It is found in the Pulaski thrust sheet lying conformally on the 

Middle Ordovician Limestone and is believed to be a part of the unnamed 

window north of Roundhill. 

Upper Ordovician Bays and Martinsburg 

These two formati ans are represented in both 1\·li ndows 11 in the area 

as well as in the Pulaski thrust sheet. The Bays ranges in thickness 

from 423 feet in the Pulaski block to 42 feet in the Read-Coyner window. 

The Martinsburg is believed to cover 1000 feet thick in the area (2). 

The Bays is composed of a maroon-drab and buff siltstones and 

shales {l). Exposures of the Bays can be found along Speedwell Avenue 

in the window north of Roundhill. Outcrops can also be found along 

Cook Creek in the Read-Coyner window. The Bays also appears along 

State Route 117 and this is considered to be part of the Pulaski sheet 

(2). 
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The Martinsburg which lies conformally on the Bays is a 11medium 

to dary-gray, calcareous shale and thin-bedded to shaly, impure lime-

stone with lesser amounts of siltstone, sandstone, drab noncalcareous 

shale, and thin beds of coarsely crystalline shell limestone 11 (2). 

Believed by Hazlett (2) to be part of window north of the Roundhill. 

mass, the Martinsburg is also found in the southwest portion of the 

Read Mountain anticline. 

Silurian and Devonian Systems 

In the northern section of the area, there is the Read-Coyner 

Mountain fenster. The ridges are held up by Silurian sandstone, which 

rest unconformily on the Martinsburg Devonian Huntersville chert, and 

Devonian sandstone (2). The valleys are underlaid by Devonian shale. 

These formations are autochthonous and parautochthonous. 

Structure 

The structure of the northern Roanoke area is extremely complex. 

Lying at the curved junction of the Central and Southern Appalachian 

Mountains, Roanoke is in a highly thrust-faulted part of the Valley 

and Ridge Physiographic Province. 

In the Williamson Road area, there are several structural features 

worth noting. These were divided by Hazlett (2) into two groups, 

ailochthonous and autochthonous structures. An allochthonous structure 

is defined as a structural feature which was not formed in situ (10). 

· Autochthonous which is grouped with parautochthonous takes the 
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opposite meaning. Parautochthonous refers to folds which can be con-

nected by facies and tectonics to beds that have been moved little 

from the site of original deposition (10). 

Allochthonous Structure 

In the Roanoke area allochthonous material is found in the thrust 

sheets of four major faults. These faults are the Salem, the Max 

Meadows, the Pulaski, and the Blue Ridge. 

The Max Meadows Fault Block 

The Max Meadows Fault which was thought to be the Christiansburg 

Fault by Cooper (l) forms the border between the Elbrook-Copper Ridge 

and the Rome Formations. Along this fault, the rocks are highly frac-

tured and breciated. The thrust sheet is entirely composed of the 

folded and fractured Rome Formation. Running basically parallel to 

the Salem Fault further north, the Max Meadows Fault is a low angle 

reverse fault and has been traced from west of Christiansburg through 

the Roanoke area (2). Hazlett (2) estimates that the displacement 

along the fault to be approximately five miles. 

The Salem Fault Block 

Directly to the north of the Max Meadows Fault is the Salem Fault 

block. The Salem Fault is the boundary between the Elbrook-Copper 

Ridge and the Pulaski Thrust sheet. It also a separates the Elbrook-

. Copper Ridge from the Read-Coyner Mountain complex and surrounds the 
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unnamed window north of Roundhill. Along the Salem Fault the rocks 

are highly fractured and large springs mark where the fault crosses 

Tinker Creek. The Salem Fault controls the ground-water table in the 

drainage well area and its effect on the ground-water surface will be 

discussed later. 

The Salem Fault, like the Max Meadows, is a thrust fault and runs 

essentially parallel to the Max Meadows except near Woodrum Airport, 

where it is cut by a transverse fault which has an apparent left-

lateral strike-slip displacement (2). The Salem Fault has been traced 

westward to the New River near Radford, Virginia (2). 

The Pulaski Block 

The Pulaski Thrust sheet contains formations ranging in age from 

Cambrian to Mississippian. Found in the northeast corner of the area, 

the Pulaski Fault borders the Read-Coyner Mountain window and the 

Cambrian-Elbrook. Included in the thrust sheet are the Kingston-Hollins 

Syncline, the Green Ridge Fault, and the Greenridge Anticline. 

The Pulaski Fault has been traced from Timberidge, Greene County, 

Tennessee to Staunton, Virginia (2). In the Roanoke area, the Pulaski 

Fault is believed to have a displacement of at least 12 miles (2). 

The Blue Ridge Fault Block 

The Blue Ridge Fault Block was originally thrust upon the Salem 

and Max Meadows Fault sheets. In the Williamson Road area only a 

small remnant remains. This is what is called Roundhill. Woodward 
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{3) originally believed that the quartzite that composes Roundhill was 

of the Clinch Formation of Silurian Age. He believed that the quart-

zite was uncovered by the erosion of the dolomite around it. Cooper 

(4) having found fragments of arkosic rock and crystalline material in 

the soil could not believe that the soil was derived from the Elbrook. 

Cooper felt that the soil was derived from an once more extensive layer 

of Precambrian crystalline rock or Chilhowee elastics. Hazlett (2) 

proposed that Roundhill was a klippe of the Blue Ridge Fault Block. 

Autochthonous and Parauthochthonous Structure 

In the northern Roanoke area, there are two features which are to 

be considered autochthonous or parautochthonous. These are the Read-

Coyner Mountain Fenster and the unnamed window north of Roundhill. 

These are considered to be part of the Saltville Fault Block (2). The 

rest of the Saltville Block is covered by the allochthonous thrust 

sheets. 

The Read-Coyner Mountain Complex which is held up by Silurian and 

Devonian sandstones is clearly anticlinal and together with the Bonsack 

anticline to the south make up what Hazlett (2) considers "at least a 

portion of an indigenous anticlinorium in the Saltville Block" which 

he calls the "Read Mountain Anticlinorium. 11 

Exposures of the Saltville Block are not as easily recognizable in 

the probable fenster north of Roundhill. In this section above Huff 

Lane School, the Bays Formation which is stratigraphically above the 
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Liberty Hall is present. Together with an unknown portion of Liberty 

Hall and Martinsburg, the Bays here is believed to be part of the 

Saltville Block {l,2,4). 

Hydrogeology 

Hydrogeology as defined by Davis and De Wiest {11) is the "study 

of ground-water with particular emphasis given to its chemistry, mode 

of migration, and its relation to the geologic environment. 11 Ground-

water as its name implies is water that travels underground. The origin 

of ground-water can either be external or internal (12). The external 

source for ground-water is the atmosphere whereas the internal source 

is magmatic in nature. When water seeps into the ground, a water table 

is formed. A water table is a "theoretical surface which is approxi-

mated by the elevation of the water surface in wells which penetrate 

the saturated zone 11 (11). 

The ability of water to move through the ground is dependent on 

the type of rock in the region. A rock formation can be either imper-

meable, permeable, or intermediate between the two extremes. Rock 

formations can also be either anisotropic or isotropic. An isotropic 

medium is uniform throughout whereas in an anisotropic aquifer prop-

erties vary in all three directions. 

Hydrogeology of a Karst Aquifer 

The limestones, dolomites, and calcareous shales of the City of 

Roanoke make up what is known as a karst topographic area. Karst 
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topography is marked by an abundance of sink holes, caves, caverns, and 

large springs (13). The sink holes in the Rome Formation and somewhat 

in the Elbrook-Copper Ridge make the Williamson Road area fit the defi-

nition for a karst area. 

Carbonate rock aquifers are anisotropic and are different from 

other types of aquifers. The permeability of limestone and dolomite 

is almost entirely due to fracture and solution seams (13). Solution 

seams are formed by the dissolving of the carbonate rocks by water 

saturated with carbon dioxide percolating down through the fractures 

and thus, enlarging them. The following formulas show the solution of 

limestone and of dolomite: 

Limestone 

(13,14) 

Dolomite 

CaMg(C03)2 + 2H20 + 2C02 ~ caz++ Mg 2+ + 4HCOj (14) 

The carbon dioxide in the percolating water combines with the carbonate 

rocks to form a bicarbonate which is more soluble. LeGrand and 

Springfield (15) make the following generalizations about solution in 

carbonate rocks: 

1. Circulation of water and solution activity usually is 

the greatest in the upper part of the saturated zone 

and decreases with depth. 

2. Solution action tends to enlarge the moderately large 

openings in the path of the bulk flow of the ground-water 
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faster than the smaller openings not in the path of the 

bulk flow. 

Water Levels in Carbonate Rocks 

According to Le Grand and Springfield (15) "the depth to the water 

table in carbonate rocks is controlled by local factors such as perme-

ability and topography." The mapping of the ground-water is possible 

in carbonate rocks but water level fluctuations are colMlon and sometimes 

there are local reversals in the direction of flow during wet and dry 

seasons. 

Permeability has a great deal to do with the ground-water level. 

The height of the water table tends to rise rather rapidly in an area 

where the permeability is low; whereas in the areas where the perme-

ability is high the water table during recharge may not rise at all 

(15). Local mounds in the water table mean either that there is greater 

recharge in the area, or low permeability. Depressions may indicate 

subterranean caverns or an area of high permeability. 

Dye Tracing in Carbonate Rocks 

One possible method in determining the direction and rate of flow 

in a carbonate aquifer is the use of ~ dye. Sweeting (13) gave the 

following qualities desirable in choosing a dye to trace ground-water 

in a carbonate aquifer: 

1. The dye must be completely soluble in all pH conditions 

2. It should not be absorbed by calcium carbonate 

3. The dye must not be toxic to man or animals 



23 

4. It is absolutely certain to be determined 

5. It must not coagulate soils or clays 

6. It should be cheap and available. 

There are several dyes that meet these requirements. The better 

dyes are flurocarbon which is highly recommended by Hayes and Davis (16) 

because it moves at the same rate as the water, uranin, fluorescein, 

Rhodamine, radio isotopes, and Lycopodium spores. In this experiment 

uranin was chosen. Uranin plus fluorescein have been used in several 

experiments. In Bosnia the dye was traced by Energoinvest of Sarajevo 

a distance of more than 20 kilometers (13,17). In that experiment a 

slug of 33 kg of dye was used. The amount of dye is calculated by the 

amount of water rising in a hole or well during a recharge; about 2 to 

5 kg are needed for every lm3/sec. The dye is collected by the use of 

activated carbon traps placed in the stream. The dye can be detected 

later by washing the carbon with basic methanol. An experiment in a 

limestone in Tasmania showed ground-water to take 56 hours to travel 

l mile. In France it took 3 ~months to travel 6.5 miles in another 

limes tone ( 13). 

The Effect of Carbonate Rocks on the Ground-Water Quality 

The bedrock of any area has an effect on the ground-water quality. 

As water passes through a geologic unit, it obtains anions, cations, 

and dissolved solids from the rocks. By chemical analysis these waters 

can be classified and geohydrological units named (11). This work is 

done by use of Piper Diagrams (7,11}. 
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In carbonate rocks the water quality is usually marked by a high 

content of calcium, magnesium, and bicarbonate and is caused by the 

solution of the limestone (11, 13, 18). Other constituents such as pH 

and dissolved solids vary with the time the water has been in the aqui-

fer (18). Ground-water pollution adds to the nitrate, chloride, and to 

other chemical contents of the water. 

Hydrogeology of the Roanoke Area 

The Williamson Road area is part of the Upper Roanoke River Basin 

which has an area of approximately 571 miles and is the source of the 

Roanoke River. Being a closed basin, it is completely drained by the 

Roanoke River and its tributaries. To the west of the area is the 

Roanoke-New River Drainage Divide. Lands to the west of this divide 

are drained to the Gulf of Mexico and lands to the east are drained to 

the Atlantic Ocean. The geology of the area tends to govern the direc-

tion of flow, the quality, and the piezometric surface of the ground-

water (7). 

The hydrologic and hydrogeologic characteristics of the Roanoke 

area have not been well documented in the literature. However, with 

the completion of Waller's dissertation much more will be known (7). 

The first to do work dealing with the ground-water around Roanoke 

was Bruce L. Latta of the Virginia Division of Geology in 1956 (6). In 

his report he describes the public and industrial ground-water supplies 

of the Roanoke-Salem District, Virginia. In addition, he explains the 

water-bearing properties of the rock units found in the area. The 
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. geology of his report was based on Woodward's (3) "Geology and Mineral 

Resources of the Roanoke Area, Virginia." 

The latest work done in this area was by Waller (7). Although not 

completed, Waller (7) goes into detail on the "over-riding control of 

geology on the surface water and ground-water characteristics, ground-

water availability, and water quality." The purpose of his investiga-

tion was to "establish the influence of the geology on the water 

resources of the upper Roanoke River Basin 11 
( 7). 

Geohydrologic Units and Water Quality 

Using partial chemical analysis of ground-water samples from vari-

ous wells throughout the area, Waller (7) divided the rock units into 

three geohydrologic units. The units are the Precambrian-Cambrian meta-

morphics and elastics, Cambrian-Ordovician carbonates, and the Middle-

Upper Paleozoic shales and sandstones. 

The Precambrian-Cambrian metamorphics and elastics geohydrologic 

unit includes the rocks of the Blue Ridge Mountains and the Chilhowee 

Group. According to Waller (7), the quality of the water is classified 

as "calcium-magnesium, sodium and potassium bicarbonate-chloride 

waters." Water from these formations was generally higher in chlorides, 

sodium, potassium and s;o2 as compared to ground-water from the other 

units. 

The Williamson Road District is underlain by the Cambrian-

Ordovician carbonate geohydrologic unit which includes the Rome, the 

Elbrook, the Knox Group, and the Middle Ordovician Limestones (7). 

The character of water from this unit is that it is rich in calcium-
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magnesium-bicarbonate with low quantities of Si02, sodium chlorides, 

and potassium as compared to the ground-waters of the other units (7). 

Waller (7) also points out that near a fault zone there is an increase 

in the amount of calcium, magnesium, bicarbonate, iron, and sulfate 

with corresponding increases in hardness and dissolved solids. 

The final geohydrologic unit is the Middle-Upper Paleozoic shales 

and sandstones which contain the upper Ordovician shales, Devonian and 

Silurian sandstones and shales and the Mississippian and Devonian shales 

and sandstones (7). The ground-water quality in this unit is marked 

by being "calcium, magnesium-sodium-potassium bicarbonate-sulfate" 

in nature (7). 

In conclusion Waller (7) states there is little or no mixing of 

the ground-water from the different units. He also states that ground-

water degradation was only detected in two samples which were obtained 

from two wells in the Windsor Hills section of the County of Roanoke, 

southwest of the city. Nitrates in these two wells were 9.7 and 5.1 

ppm, which were values much higher than the low values of l-2ppm found 

elsewhere. Waller (7) gave no explanation for the high counts. 

Ground-water Piezometric Surface 

Also included in Waller's (7) work was a piezometric surface map 

of the Upper Roanoke River Basin. Included in his map which had a 

contour interval of 100 feet were static water level information from 

the years 1930 and 1969. From this map he concludes that: 

1. The ground-water surface basically conforms to the topo-

graphy. 
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2. There is a certain stability of the ground-water table. 

3. The fracture pattern in the area is well developed and 

recharge and discharge can be accomplished easily. 

The Elbrook-Copper Ridge and Rome Aquifers 

According to both Latta (6) and Waller (7) both of these aquifers 

have good waterbearing properties. The permeability of these formations 

is governed by a system of well developed fractures. Over 50 percent 

of the wells drilled in the Rome Formation have a production of more 

than 1.07 gpm/ft 3 , whereas in the Elbrook-Copper Ridge over 50 percent 

of the wells yield more than 0.615 gpm (6). The wells drilled in 

the Rome were usually in an interbed of limestone. 

Subsurface Disposal of Urban Runoff by Use of Wells 

The effect of urbanization on ground-water is one of degradation. 

This effect can be small as seen in the Boise-Nampa, Idaho (19) study 

or large in scale which is feared in studies of the Chicago area (21). 

This contamination is mainly due to individual sewage disposal systems, 

solid waste disposal sites, breakage in sewer systems, and industrial 

wastes being discharged into streams (19,20). The addition of urban 

runoff into theground-water can also add to this contamination. 

Street runoff water quality is very similar to that of raw sani-

tary sewage (21 ,22,23). High values of COD, BOD, phosphates, total 

solids, chlorides, and bacteria are colTITlonly found. Heavy materials 

such as lead, iron, and zinc are also found in runoff. Lead is parti-

cularly important because of its high toxicity. In 1972 there was 
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Table I. "Pollution Load Criteria" (24) 

Pollution Category 

Bacterial 

Organic 

Nutrients 

Solids 

Metals 

Measurable Parameter 

Total coliform 
Fecal coli form 
Fecal streptococcus 

BOD 
COD 
TOC 

Nitrogen 
Phosphates 

Suspended 
c 1 ay, silica 
organic 

Dissolved 
carbonates, 
Cl, S04, N03, 
organic 

Zn, Pb, Fe 

Possible Sources 

Humans 
Land animals 
Birds 

Organic matter, leaves, 
grass clippings, animals, 
oil and greases 

Fertilizers, leaching from 
minerals, decomposition of 
organic matter 

Erosion, leaching from 
minerals 

Soluble dust and dirt 

Car exhaust, tires 
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Figure 4. "Dispersed Pollution Flow Chart" (24) 



Residential 

BOD 
COD 
Ts 
Nitrates 
Zinc 
Lead 

Industrial 

BOD 
COD 
Ts 
Nitrates 
Zinc 
Lead 

Commercial 

BOD 
COD 
Ts 
Nitrates 
Zinc 
Lead 
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Table II. "Comparsion of Pollution Parameters 

According to Land Use" (22) 

lb/curb mile 
low/old/single low/old/mult 

8.6 20 
27 23 

1000 1000 
.0064 
. 12 
• 11 

Light 
39 

190 
2300 

.0072 
• 12 
.09 

2.4 
8.6 

280 
.06 
. 16 
.14 

Medium 
10 
53 

900 

med/new/single 
5. l 
l.7 

480 

Heavy 
13 
58 

3900 
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Table III. "Chemical Parameters for Tulsa, Oklahoma 

According to Land Use" (24) 

Commercial 

Residential 

E!!. 
7.3 

7.4 

cl mg/l 

10 

13 

Specific Conductivity 

78 umhos/cm 

89 umhos/cm 

*Average of eight cities (San Jose, Phoenix, Milwaukee, Bucyrus, 
Baltimore, Atlanta, Tulsa, and Seattle) 
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much concern about the excessive amount of lead found in the Deep Fork 

Branch of the North Candanian River near Oklahoma City, Oklahoma (24). 

This material was later traced back to street runoff which averaged 

0.23 mg/l of lead. The amount and kind of contamination in the runoff 

is a function of several values. Figure 4 is a flow chart showing the 

relationships between precipitation, people activities, and land use 

to the pollution parameter and the total pollution load (23). 

Tables II and III give values of the pollution parameters deped-

dent on the land use. Table II is an average of eight cities taken by 

Sartor and Boyd (21) and Table III is from different parts of Tulsa, 

Oklahoma {23). From these one can see that the runoff from industrial 

areas is more polluted than runoff from commercial or residential areas. 

Commercial areas have runoff that contains a higher metals content. 

This result is mainly due to the heavier traffic in the areas. Nitrate 

tends in all areas to be low because of lack of sources. Chlorides, 

pH, and conductivity tend to go up during the winter months when de-

icing salt is used (21). 

Travel of Urban Runoff in a Carbonate Aquifer 

The travel of the contaminants such as those in urban runoff in 

an aquifer is extremely complex. The degree of contamination is depen-

dent on the speed with which the ground-water is moving, the dilution 

effect, and the purifying effect of the media (25). Pollution can per-

sist in an area for a long time period if the system doesn't self-

purify. 
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The self-purification of a carbonate aquifer is mainly due to dilu-

tion and speed of flow with filtering being secondary in importance (25, 

26). This result is due to the large fractures and solution seams which 

control the permeability found in a carbonate aquifer. Dissolved solids 

such as chloride, nitrate, calcium, and phosphate move with the flow of 

the water. Bacteria count and its potential to cause disease is 

strongly dependent on the rage of flow of the ground-water in the aqui-

fer, the amount of non-polluted ground-water in the aquifer, and the 

amount of filtration. Robeck (26) points out that water from a lime-

stone aquifer in Posen, Michigan caused an outbreak of infectious 

hepatitis. Another incidence of disease caused by water taken from a 

limestone aquifer was in Filmore and Olmstead Counties, Minnesota (27). 

An outbread of typhoid fever and gastroenteritis was caused by people 

drinking ground-water which had been polluted. This pollution was traced 

to the dumping of sewage into sinkholes. 

Drainage Wells in an Urban Environment 

The use of drainage wells for urban runoff is not well documented 

in the literature. Consequently, little is known on how direct recharge 

with urban runoff effects ground-water. Experiments with drainage wells 

similar to those used in Roanoke have been conducted in Orlando, 

Florida (27), in the State of Hawaii (28,29), and Fresno, California 

(30). 

According to Unklesbay (27) the City of Orlando, Florida has 

drilled more than 200 drainage wells into the Hawthorne Limestone in 
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order to control lake levels, drain streets, and dispose of sewage. 

The surface of the ground-water was far enough below the ground surface 

to allow drainage by gravity. Due to the cavernous nature of the lime-

stone the aquifer could hold large amounts of extra water and seldom 

got clogged. The rising of the piezometric surface in the area was 

attributed to the recharge. 

The most comprehensive study on the subsurface disposal of storm 

runoff was made by Peterson and Hargis (28,29) in Kahului, Maui, Hawaii. 

This study concerned the effect of the injection of urban runoff into 

the Ghyben-Herzberg Aquifer. The change in the hydraulics of the aqui-

fer and quality of the ground-water were examined. Basically the 

quality of the storm water was high with low chloride which ranged 

from 3.0 - 6.5 mg/l, no nitrates, 0.0. - 0.28 mg/l of phosphate, COD 

which averaged 21.3, 73 mg/l of dissolved solids, and fecal coliform 

colonies count which ranged from 0 - 9000 per ml. Of these parameters, 

the coliform count was of most concern to the authors. Because of the 

dilution effect and the harsh saline environment in the ground-water of 

the disposal zone the bacterial hazard was believed to be eliminated. 

The authors believed that clogging due to sediment load would lessen 

the hydraulic efficiency of the aquifer to take the injected water. 

In the area around Fresno, Sanger, Hanford, and Bakersfield, 

California, subsurface injection of stormwater through dry wells has 

been used (30). According to Gong-Guy (30) over 250 wells have been 

drilled in the area. The wells which range from 8 inches to 48 inches 

in diameter and in depth from 10 feet to 50 feet, dispose of storm 

runoff from the streets in low, flat-lying areas. Clogging by gravel 
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and other sediments has been the main difficulty with using the wells. 

The pollution of the ground-water was partially eliminated by drilling 

the wells on the average to ten feet above the ground-water surface, 

so that filtering of the water by the ground is possible. The piezo-

metric surface of the ground-water in this area tended to rise because 

of the additional recharge. 



III. GROUND-WATER SURFACE IN THE DRAINAGE WELL AREA 

Methods and Procedures 

Between June 23 and 26, 1974, the selected drainage wells were 

examined and the static water levels recorded by the author. The static 

water levels were measured with the use of an electric sounder as recom-

mended by Ground Water Engineering Techniques and Standards (31). Con-

sisting of flashlight batteries, a milliampmeter, a two-wire line with 

marked 5-foot intervals, and a double contact on the electrodes, the 

electric sounder was accurate to within one foot. The procedure con-

sisted of lowering the electrode into the well and recording the depth 

at which the water completed the circuit. The completion of the cir-

cuit was registered on the milliampmeter. Using the same procedure the 

water heights of wells 112 and 20 which are located on Lynhurst Street, 

well 19 which is located on Foresthill Avenue, and well 28 which is on 

the corner of 10th Steeet and Hillcrest Avenue were measured over the 

two week period of August 26 to September 8, 1974. During this period 

the area periodically received rainfall. 

Results 

Table IV gives the ground-water surface elevations, the locations 

according to the Virginia Coordinate System, the depth to which the 

wells were drilled, the date drilled, the past water levels when the 

wells were drilled, and the present water levels. Also included in 

the table are the results of an injection test performed by the City 

of Roanoke shortly after the wells were drilled. Included on Figure 3 
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Table IV. "Drainage Well Data" 

Water Present Elevation 
Well Location Date Level Water of Water Injection South- When No. East-West North Depth Dri 11 ed Drilled Level Elevation Surface Test(gpm) 

l 
2 io1 • 1955 63 1 58 1 1060 1 1002 1 
3 1,576,500 360,700 105 1 1955 62 1 51 1115' 1110' 
4 1,582,300 353,600 30 1 1955 24 1 25 1 1005 1 980 1 

5 1,575,100 357,600 82 1 1955 61 1 Missing 1090' 1029 1 

6 1,578,200 360,900 150 1 1955 Full Full 1105 I 1105 1 
7 1,580,250 355,600 140 1 1955 37 1 37 1 1035 1 998 1 

w 8 1,574,800 358,400 77' 6-29-56 No Water 110 1 1110 I 900 1 500+ -...J 

9 1,581,200 358,900 130 I 7-12-56 77' 3' 1060 1 1057' 
10 1,581 ,900 352 '100 150 1 8-3-56 31 1 2' 1005 1 1003' 

11 1,576,700 358, l 00 150 I 8-20-56 70 1 68 1 1085 1 1017' 450 1 

12 1,582,400 355,500 58 1 8-29-56 4' 1030 1 1026 1 
13 1,579,900 353,700 150 1 9-24-56 39 1 4' 1025' 1021 1 350' 
14 1,583,200 349,300 82 1 5-27-57 Full Missing 940 1 940' 360 1 
15 1,579,500 359,000 73 1 6-4-56 70 1 1080 1 1010 I 550 1 

16 1,580,500 353,400 70 I 7-10-57 35 1 35 1 1020 1 985 1 400' 
17 1,577,800 360,200 150 1 7- -57 80 1 79 1 1090 1 1011 1 

18 7-17-57 
19 1,579,400 354'100 116 1 7-22'57 45 1 41 1 1015 1 974 1 500 1 

20 1,580,300 353,700 190 1 8-21-57 40 1 38 1 1020 1 982 1 150 1 

21 
22 1,580,700 353,300 200 1 9-10-57 28 1 1015' 977 1 790 1 
23 1,581 ,000 357,300 go• 9-24-57 38 1 72 1 1050 1 978 1 450 1 
24 l ,577'100 358,900 9-25-57 



Table IV. "Drainage Well Data 11 
- continued 

Water Present Elevation Location Level Well South- Date When Water of Water Injection No. East-West North Depth Ori 11 ed Ori 11 ed Level Elevation Surf ace Test(gpm) 
25 1,580,300 355,200 60 1 10-11-57 45 1 Fi 11 ed 1035 1 990 1 450 1 

with dirt 
26 1,578,000 360,800 125 1 10-11-57 74 1 30 1 1095 1 1065 1 450 1 

27 1,575,900 356,800 135 1 12-31-57 65 1 68 1 1085 1 1017 1 300 1 
28 1,579,700 354,500 82 1 4-30-58 55 1 51 I 1020 1 969 1 440 1 
29 1,581,000 354,450 185 1 5-1-58 38 1 1030 1 992 1 

30 1,578,200 359,400 167 1 5-12-58 69 1 78 1 1090 1 1012 1 600 1 

31 1,580,100 355,500 175 I 5-22-58 45 1 43 1 1040 1 997 1 300 1 
w 32 1,582,300 358,000 44 1 6-2-58 No water 1060 1 930 1 OJ 

33 150 I 6-10-58 37 1 38 1 1025 1 987 1 200 1 

34 1,575,900 .358, 700 140 1 6-18-58 64 1 65 1 1095 1 1030 1 350 1 
35 7-1-58 

36 1,581,300 352,900 203 1 7-18-58 26 1 33 1 1010 1 977 1 50 1 
37 1,576,900 361 ,500 178 1 8-7-58 75 1 74 1 1100 I 1026 1 150' 
38 1,576,100 358,500 175 1 8-15-58 71 1 70 I 1095 1 1025' 200' 
39 1,576,800 358,900 78 1 8-15-58 23 1 35 1 1087 1 1032 1 500' 
40 1,581,100 353,000 110 I 8-26-58 96' 68.5 1 1090 1 1021 .5' 380' 
41 105 1 9-5-58 76' 75' 1098 1 1015 1 100' 
42 1,587'100 362,000 98 1 2-26-59 771 77' 1090 1 1023' 519' 
43 1 ,577 ,400 362,300 122 1 3-10-59 67 1 63 1 1100 I 1037' 400-490 
44 1,583,400 353,000 82 1 3-20-59 60 1 62 1 1015' 953' 330 1 

45 72' 3-31-59 

46 1,581,600 359,200 85 1 4-21-59 No water 1070 1 940 1 510' 
47 1,575,700 358,900 74 1 4-30-59 54' 52 1 1100 I 1048' 400 1 

48 58' 5-7-59 48 1 500 1 



Table IV. 11 Drainage Well Data 11 
- continued 

Water Present Elevation Location Level Well South- Date When Water of Water Injection 
No. East-West North Depth Drilled Ori 11 ed Level Elevation Surf ace Test(gpm) 

49 1,576,900 357,800 
50 1,579,000 354,300 150 1 9-8-59 771 68 1 1050 1 982 1 200 1 

51 1,581,100 354,100 150 1 2-12-60 771 68 1 1050' 982' 400 1 
52 
53 1,579,300 355,700 141 1 12-9-60 52 1 53 1 1050 1 1007 1 520 1 
54 1,576,250 359,500 303 1 1-10-61 
55 1,579,000 355,700 150 I 10-23-61 31 31 1075 1 1072 1 517 1 

w 
56 122 1 11-13-61 472 1 '° 
57 111 1 11-28-61 389 1 
58 1 ,580,900 353'100 187 1 1-26-62 30 1 32 1 1015 1 983 1 80 1 
59 1 ,577 ,500 358,650 163 1 4-10-62 45 1 58 1 1060 1 1002 1 250 1 
60 1,580'100 355,000 51 1 4-19-62 51 1035 1 1030 1 300 1 

61 1,576,500 359,300 127 1 5-1-62 85 1 78 1 1110 I 1032 1 650 1 
62 1,576,000 359,900 165 1 5-11-62 85 1 78 1 1110 I 1032 1 730 1 
63 7-6-62 
64 1 ,580,000 356,800 75 1 7-20-62 22 1 29 1 1040 1 1011 1 200 1 
65 1,579,200 356,000 81 I 8-7-62 37 1 1020 1 983 1 472 1 

66 1,579,500 357,400 93 1 8-20-62 38 1 59 1 1055 1 996 1 155 1 
67 89 1 10-2-62 
68 1,582,600 350,800 240 1 2-14-63 21 1 21 1 975 1 954 1 55 1 
69 
70 

71 1,582,200 353,100 250 1 3-14-63 42 1 45 1 1005 1 960 1 25 1 
72 



Table IV. "Drainage ~Jell Data" - continued 

Water Present Elevation Location Level Well South- Date When Water of Water Injection 
No. East-West North Depth Ori 11 ed Ori 11 ed Level Elevation Surface Test(gpm) 

73 1,579,000 358,300 79' 6-15-63 
74 1,578,600 358,800 102' 7-8-63 86' 84' 1078' 994' 450' 
75 1 ,577 ,500 360,500 135' 7-24-63 85' 85' 1090' 1005' 400' 

76 1 ,577 ,500 361,500 112' 7-29-63 65' 65' 1090' 1025' 400' 
77 1 ,575,600 357,000 335' 6-15-64 69' 69' 1085' 1016' 200' 
78 116' 7-8-64 60' 18' 1075' 1057' 400' 
79 1,576,800 359,600 155' 8-17-64 60' 33' 1095' 1062' 
80 1,580,300 355,900 96' 8-26-64 41 I 1040' 999' 

~ 
0 

81 1,581 ,000 356,600 141' 9-17-64 350' 
82 
83 1,580,000 356,400 117' 11-28-64 74' 51 I 1050' 999' 
84 1,579,500 356,300 
85 1,580,600 355,000 123' 12-15-64 47' 43' 1035' 992' 

86 136' 4-22-65 60' 60' 1095' 1035' 400' 
87 1,581,900 353' 100 157' 4-29-65 39' 42' 1005' 963' 300' 
88 
89 1,582,500 355'100 188' 6-22-65 52' 68' 1029' 961 I 350' 
90 1,582,800 353,900 180' 7-6-65 37' 250' 

91 1,579,900 355,300 110 I 7-15-65 43' 43' 1020' 977' 300' 
92 1,577,700 355,000 227' 7-29-65 74' 2' 1100 I 1098' 400' 
93 1,581,000 353,900 160' 8-10-65 42' 38' 1020' 982' 300' 
94 120' 8-10-65 
95 1,577,700 358,000 237' 12-12-66 93' 87' 1070' 983' 260' 



Table IV. "Drainage Well Data" - continued 

Water Present Elevation Location Level Well South- Date When Water of Water Injection 
No. East-West North Depth Drilled Ori lled Level Elevation Surface Test{gpm) 

96 383 1 3-15-66 
97 1,578,800 354,000 153 1 3-27-67 55 1 58 1 1055 1 997 1 300 1 

98 1,579,500 355,300 208 1 4-6-67 65 1 65 1 1055 1 990 1 300 1 

99 1,579,000 355,600 153 1 4-20-67 65 1 69 1 1070 1 1001 1 250 1 

100 1,578,100 354,500 226 1 5-10-67 56 1 771 1070 1 993 1 300 1 

101 82 1 5-23-67 400 1 

102 1,581, 100 353,000 225 1 ll-14-67 35 1 24 1 1020 1 996 1 50 1 

103 220 1 12-20-67 .i:o. 104 1,583,200 352,200 200 1 12-21-67 _, 

105 1,583,000 351 ,300 60 1 2-8-68 31 1 38' 980' 942' 200' 

106 1,583,500 350,600 105 1 2-27-68 28 1 28 1 970' 942 1 150' 
107 1,582,500 352,600 115 1 3-6-68 42 1 42 1 1000 1 958 1 350 1 

108 1,584,350 351,400 80 1 3-21-68 500 1 

109 1,582,200 355,200 128 1 4-16-68 52 1 58 1 1015 1 963 1 500 1 

110 1,582,900 355,900 197 1 5-24-68 92 1 92 1 1045 1 953 1 250 1 

111 1,581 ,700 356,500 310 I 6-7-68 82 1 61 1 1040 1 979 1 200 1 

112 1,580,650 354,100 ll4 1 6-21-68 48 1 48 1 1020 1 972' 500 1 

113 1,582,000 351,400 185 I 7-8-68 52 1 52 1 1000 1 948 1 50 1 

114 1,582,000 351 ,800 201 1 8-6-68 65 1 65 1 1000 1 935 1 100 1 

115 1,578,800 353,600 180 I 8-30-68 65 1 47 1 1035 1 988 1 285 1 

116 1,578,700 355,000 225 1 11-25-68 71 1 71 1 1058 1 987 1 

117 1,578,800 357,600 167 1 1-8-69 64 1 64 1 1055 1 991 I 300 1 

118 1,581,000 359,300 167 1 1-22-69 
119 1,578,900 358,300 180 1 2-18-69 84 1 83 1 1070 1 987 1 300 1 

120 1,578,000 358,800 180 I 3-10-69 89 1 79 1 1080 1 1001 1 350 1 



Table IV. "Drainage Well Data" - continued 

Water Present Elevation Location Level Well South- Date When Water of Water Injection 
No. East-West North Depth Ori 11 ed Drilled Level Elevation Surface Test{gpm) 

121 194 1 3-18-69 300 1 

122 1,575,800 359,300 180 I 3-30-69 45 1 46 1 1100 1 1054 1 350 1 

123 134 1 4-18-69 
124 100 1 4-30-69 
125 1,575,700 360,700 226 1 5-13-69 77' 77' 1100 1 1033 1 125 1 

126 1,579,400 355,900 235 1 5-28-69 62 1 62 1 1050 1 988 1 75 1 

127 1,578,900 355,800 188 1 6-9-69 400 1 

~ 
N 
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with the geology of the area, which was done by Hazlett (2) are water 

level contours. These were constructed by subtracting the present water 

level from the ground-level elevation and connecting places of equal 

ground-water surface elevation by contour lines. The contour lines 

within the direct vicinity of the drainage wells have a contour interval 

of 50 feet. Outside the drainage well area the contours were done by 

Waller (7). These contours were a long term average of water depth. 

Table V gives rainfall information and water level fluctuations of the 

four selected observation wells during the two week period of August 26 

to September 8, 1974. Figure 5 represents the average fluctuations of 

wells numbered 112, 20, and 19 all of which have the same ground-level 

elevations. 

Description of the Water Surface 

The results of the water level analysis show interesting relation-

ships between the ground-water surface and the geology, the former and 

past ground-water levels, and water level fluctuations and precipita-

tion. Also included in this section is a qualitative look at the prob-

lems caused by the rapid rise of the water table above the aquifer 

during and after a rainfall. 

The water level contour map is consistent with the geology and 

the topography of the area except in two places, well number 8 and well 

number 43. Well number 8, which is located on the corner of Churchhill 

Drive and Huff Lane, represents a depression in the water table, per-

haps due to a cavern or a zone of high permeability. Located on the 
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corner of Whitney and Hubert Streets, well number 43 depicts a mound 

in the ground-water table. This effect, according to LeGrand and 

Springfield (15), could be a zone of impermeability. The water level 

contours generally run parallel with the Salem Fault, indicating that 

the Salem Fault has an over-riding effect on the shaping of the ground-

water surface. Overall the contours decrease in value with elevation, 

thus agreeing with Waller's (7) interpretation that the ground-water 

surface of the area conforms with the topography. These two relation-

ships point out that the fracture pattern of the area is well developed 

and that Hazlett did an accurate job of mapping the Salem Fault. When 

using a water table contour map, the direction of flow is illustrated 

by drawing lines perpendicular to the contours (31). In this case the 

flow tends toward Tinker Creek. 

According to Table IV, the majority of the present water levels 

are within 15 feet of the water levels measured when the wells were 

first drilled. Notable exceptions are wells numbered 3, 9, 10, 26, 55, 

78, 79, and 92 in which the depth to the water table decreases and in 

wells number 23 and 100 where the depth to the ground-water increases. 

The increase in the height of the ground-water surface could be due 

to sediment which has been \•J;i'-fwd into the wells decreasing the perme-

ability of the rock by f i 11 i ny rn Lile µore spacings and fractures as 

seen in Fresno, California (30) and Hawaii (29). Ground-water surface 

depression as represented by well number 23 and 100 could be due to 

solution activity increasing the permeability. Although there is not 

data for all the wells, approximately 55 percent of the depths to the 
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water table decreased, 44 percent increased, and 1 percent stayed the 

same as the day they were drilled. 

The ground-water table can fluctuate locally during short periods 

of time (Table V). These fluctuations as found in wells numbered 112, 

28, 20, and 19 are due to local permeability conditions. In the four 

wells tested, day to day variation was as much as seven feet. Well 19 

remained the most stable during the two week period. The other water 

levels were not constant and show little correlation on the dates 

tested. Variation in the water levels between the 26th and 28th of 

August showed that three wells, 112, 28, and 19 came up five feet, 

whereas well 20 went down three feet. On the 30th of the same month 

wells 112 and 28 went down an average of five feet, while wells 20 and 

19 \'lent up an average of four feet. This 1 ack of trend was seen 

throughout the two weeks. The average change in the water level sur-

face of wells 112, 19, and 20 (Figure 5) cannot be correlated with the 

amount of precipitation. 

Cave-ins 

During a rainstorm the ground-water surface may rise rapidly. 

Although the author could not find any observation wells which were 

not directly connected to the drainage wells, it is believed by the 

author as well as Cooper (32) that this rapid rise in the water table 

has caused many of the cave-ins which have occurred in the Williamson 

Road area. 
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Table V. "Rainfall and Water Level Variations of the Four 

Observation Wells between 8/25/74 and 9/8/74 11 

Date Rai nfa 11 Water Levels in Feet 
in inches Well 112 Well 28 We 11 19 Well 20 

8/25/74 1.07 

8/26/74 .Ol 43 48 42 38 

8/27/74 0 

8/28/74 .Ol 48 53 43 38 

8/29/74 .04 

8/30/74 .01 41 50 43 40 

8/31/74 .2 

9/l/74 .04 43 50 43 33 

9/2/74 .Ol 

9/3/74 .53 43 53 43 38 

9/4/74 0 

9/5/74 0 42 52 43 38 

9/6/74 1.72 

9/7/74 .Ol 

9/8/74 .04 41 48 40 35 
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These cave-ins are associated with many of the drainage wells. 

According to several of the residents, past cave-ins, some up to sixty 

feet, have occurred along Floraland Drive, Crocket Street, 10th Street, 

Greenland Street, Pioneer Street, and Hillcrest. On the corner of 

Hillcrest and 10th, the author witnessed the repairing of a sewer line 

which had collapsed. Across the street from well 28, a church's foun-

dation has been badly cracking due to subsidence. Fear was voiced by 

the minister that his church might be destroyed. Inside his church 

the walls are cracked and the wall in the basement is separated from 

the foundation by three inches. The church and the sewer line were in 

the vicinity of well 28. 

The reason for these cave-ins is that these wells can not take 

all the runoff from the streets. Water standing at many of the well 

sites is evidence for this conclusion. During rainstorms the ground-

water level is raised to the top of the aquifer. The author along 

with Cooper (32) believes that when the surface is that high the clay 

which overlies the Elbrook-Copper Ridge and Rome is eroded and washed 

into the solution seams and taken away. 

Cooper (32) upon investigation of a cave-in on Floraland Drive 

said that "during peak periods of runoff more than 1,800 gpm are 

rushed into the well. 11 This flow is more three times the capacity 

of the well. In order to rid the city of this problem, Cooper (32) 

reco1TU11ended that the following measures be taken to insure the safe 

disposal of storm water: 
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1. Determine the height to which the water levels are 

raised during heavy storms. 

2. Determine the flow of runoff in problem areas. 

3. Drill enough additional wells in the location of the 

problem areas to keep down the local rise in the water 

table. 

Later the City of Roanoke drilled the additional wells where they 

thought they were needed. However, slow subsidence and cave-ins occur 

periodically. According to Table V, most of the wells can not handle 

over 400 gpm. This amount in runoff is surpassed on many of the streets 

drained by the wells during heavy rains. As long as the wells are still 

in operation, cave-ins may continue to occur causing such problems as 

sewer line collapses and street cave-ins which are potential for acci-

dents and property damage. 



IV. THE REACTION OF THE GROUND-WATER AND URBAN RUNOFF 

IN THE DRAINAGE WELLS 

This section will cover the results of tests performed during the 

two week period between the 26th of August and the 8th of September. 

During this period of time the author collected samples of water after 

pumping four observation wells for five minutes. The water collected 

in these samples could not be considered entirely ground-water or urban 

runoff but a combination of both. These samples, however, did give 

some indication of the quality of the water going into the wells. In 

the chapter on ground-water it will be pointed out that the quality of 

the water samples after five minutes of pumping is very similar to that 

of some of the wells after longer periods of pumping and, therefore, 

can be considered indicative of the ground-water in the direct vicinity 

of the wells. 

Sampling Procedure 

Four wells were chosen to sample periodically over a two week 

period at the end of August and the beginning of September in 1974. 

These wells were number 112 which is situated on Lynhurst Street on 

the block between Round Hill Avenue and Hillcrest Avenue, number 20 

which is on Lynhurst Street in the block between Hillcrest Avenue and 

Foresthill Avenue, well 19 which is located between 10th Street and 

Lynhurst Street on Foresthill Avenue, and number 28 which is on the 

corner of Hillcrest Avenue and 10th Street. The wells were chosen 

because they were in the direction of ground-water flow and all were 

located in the same middle-income single housing areas. 

50 



51 

Table VI. "Sampling Times and Dates" 

Well Numbers 112 20 19 28 

Date 

8/26/74 9:30 a.m. 11 :00 a .m. 11: 50 a .m. 12:30 p.m. 

8/28/74 10:15 a.m. 11 :00 a .m. 12:00 a.m. 12:45 p.m. 

8/30/74 12:10 p.m. 10:15 p.m. 9:30 a.m. 8:45 a.m. 

9/1/74 9:00 a.m. 9:45 a.m. 10:15 a.m. 11 :00 a.m. 

9/3/74 _10:00 a .m. 11 :00 a .m. 11: 30 a .m. 12:30 p.m. 

9/5/74 9:45 a.m. 10:15 a.m. 10:45 a.m. 11: 30 a .m. 

9/8/74 10:00 a.m. 10:30 a.m. 11 :15 a.m. 12:10 p.m. 

9/19/74 2:00 p.m. 2:55 p.m. 
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Sampling was done with the use of a Flankin Electric Submersible 

Pump Model No. 2245-0102 which was held inside the wells and could 

pump 10 gpm. During each sampling period, the pump was allowed to go 

for five minutes before the sample was taken. Table VI gives the dates 

and time of day the samples were collected. 

Runoff samples were also taken on September 5 at 2:30, fifteen 

minutes after it had begun to rain. The precipitation data was received 

from Woodrum Airport which is approximately 2 1/4 miles north of the 

observation wells. 

Analytical Procedures 

All chemical analyses were done within 24 hours of the sampling 

with pH and temperature being recorded on site. The samples were 

stored at approximately 4°C while in transit and in the laboratory. 

All samples except those collected on the 19th of September were ana-

lyzed in the VPI&SU Sanitary Engineering Laboratory by the author. 

The samples collected on the 19th were sent to Richmond where a com-

plete analysis was performed by the State Water Control Board. The 

following techniques were used by the author in analyzing the samples: 

1. pH was measured on site with a Heath pH kit and rechecked 

in the laboratory by a Photoelectric pH meter. 

2. COD was measured in accordance with the procedure pre-

sented in Standard Methods for the Examination of Water 

and Wastewater (33). 
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3. Nitrates were measured with an Orion Research Nitrate 

Ion Electrode Model 92-07. 

4. Conductivity was measured with a Barnstead Conductivity 

Bridge Model pm-70CB. 

5. Heavy metals were analyzed with the Perkin-Elmer 403 

Atomic Absorbtion Spectrophotometer. 

6. Hardness was measured using the EDTA method for determining 

hardness in Standard Methods for the Examination of Water 

and Wastewater (33). 

7. Chlorides were determined using the argentometric method as 

outlined in Standard Methods for the Examination of Water 

and Wastewater (33). 

8. Included in the analyses taken on the samples collected on 

September 19th are alkalinity, total, volatile, and fixed 

solids, TKN, phosphorous (total, ortho), NH3-N, nitrate-N, 

and nitrite-N. 

All analyses were done in duplicate. 

Variance in the Partial Chemical Analysis 

The results of the partial chemical analyses of the well water 

samples are given in the appendix. The average of the chemical para-

meters was taken and plotted against the date. These graphs are pre-

sented in Figures 6 through 13. The results of these are as follows: 

1. COD: The graph for COD (Figure 6) has peaks corresponding 

to the 26th of August, the first of September, and the 8th 
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of September. Low points were recorded on August 28 

and September 5. The highest value for COD is 59 ppm 

on August 26, and the lowest is 25.75 on September 5. 

2. Conductivity: High points on the conductivity graph 

tFigure 7) are on the 26th of August, 30th of August, 

the 1st of September, and the 5th of September. Low 

points are on the 28th of August and the 3rd of September. 

The highest conductivity is 330 micro mhos/cm on August 26, 

and lowest of 60 micro mhos/cm is on September 8. 

3. Chlorides: Peaks are located on the chloride graph 

{Figure 8) on the 26th of August and the 3rd and 8th 

of September. The highest point' is 3.8 mg/l and the 

lowest is 1.2 mg/l. 

4. Hardness: Figure 9, which shows variations in hardness 

as mg/l of Caco3, has peaks on the 30th of August and 

the 8th of September. Low values for hardness were 

recorded on August 26 and September 3. The range of 

hardness values was between 60 mg/l of Caco3 and 175 mg/l 

of Caco3. 

5. Nitrates as N: The graph for nitrate as N (Figure 10) 

has high points of 1.0, 0.76~ 0.79, and 1 .2 mg/l on 

August 26, September 3, 5, and 8 respectively. Low 

points were recorded on August 30 and September 1. 

6. Lead: Figure 11 shows 0.22 mg/l of lead to be the highest 

point, and this was recorded on August 28. The low values 
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of .00 mg/l on September 26 and .04 mg/l on September 3 

are also on the graph (Figure 11). 

7. Zinc: Figure 12 shows there is little variation for 

the values for zinc over the period. The high measured 

concentration was 0.13 mg/l and was recorded on September 1. 

8. Iron: The highest peaks on the iron curve (Figure 13) 

are 4 mg/l on September l and 1.45 mg/l on September 8. 

Well number 20 was consistantly higher in the amount 

of iron in its water. 

9. pH and Temperature: These parameters remained constant 

with pH averaging 7.0 and temperature 16°. 

Precipitation During Sampling Period 

The precipitation data are given on Figure 14. Rainfall occurred 

on the nights and afternoons of the 25th and 29th of August and the 

3rd, 6th, and 8th of September. The most rainfall was over 1.72 inches 

on the 6th of September. 

Complete Chemical Analyses 

Samples from wells number 112 and 19 collected on the 19th of 

September were sent to Richmond where.a complete analysis was made. 

The results from this are presented in Table VII. Low values for 

nutrients such as P04, N02-N, N03-N, NH3-N, and Total Nitrogen are 

shown for both wells. Total and suspended solids are moderate to low 

in value. COD values tend to be greater than the samples analyzed 
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Table VII. "Complete Analysis of Well Water After 

Five Minutes of Pumping" 

Parameter 

pH (Laboratory) 

Alkalinity 

Total Solids, total 

volatile 

fixed 

Suspended Solids, total 

Chloride 

Hardness 

Nitrogen, TKN 

Phosphorus, total 

Phosphorus, ortho 

NH3 as N 

N02 as N 

N03 as N 

COD 

volatile 

fixed 

Well 112 

7.0 

68 

135 

49 

86 

11 

8 

3 

3 mg/l 

54 mg/l Caco3 
1.1 mg/l 

0.3 mg/l 

0.2 mg/l 

0.2 mg/l 

0.01- mg/l 

0.01 mg/l 

52 

Well 19 

7. l 

44 

89 

24 

65 

14 

10 

4 

l mg/l 

84 mg/l Caco3 
0.8 mg/l 

0. 1- mg/l 

0.1- mg/l 

0.1- mg/l 

0.01- mg/l 

0.01 mg/l 

96 
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by the author,.whereas, hardness levels are about the same. There had 

been no rain in the area for five days. 

Runoff Analyses 

Samples of street runoff going into each of the wells were analyzed 

for the same chemical parameters as the five minute pumping test and 

these wells are given in Table VIII. Each parameter except for hard-

ness and conductivity had higher values than the water collected from 

the wells. The runoff from the area around well number 20 had more 

iron in it than the other wells. The values for each parameter are 

similar to the values given by Sartor and Boyd (24) for a typical resi-

dential section. 

Discussion 

When storm water enters a well it reacts with the ground-water 

around the well. Some of the chemical parameters in this zone of 

interaction decrease while others increase. The following is a dis-

cussion of the chemical parameters over the two week period in this 

zone of interaction: 

1. COD: The samples taken after five minutes of pumping 

have lower COD values than the urban runoff entering 

the wells. On the average, the COD in the zone of inter-

action was 45 ppm COD lower than the average urban runoff 

sample. This could be due to the organic matter settling 

to the bottom of the well and a dilution of the runoff 

with the ground-water. 



67 

Table VIII. "Runoff Analysis" 

Parameter Well 28 Well ll2 Well 19 Well 20 

pH 7.0 7. l 7.0 7.0 

Conductivity 78.3 49.0 46.4 68.2 
(µmhos/cm) 

Nitrates-N 0.69 0.61 0.61 0.69 
(mg/l) 

Chlorides 1.61 2.70 0.92 3.00 
(mg/l) 

COD 87.41 69.38 83.5 69 .188 
(mg/l} 

Hardness 26.95 39.20 36.75 46.55 
(mg/l of Caco3) 

Zn (ppm) 0.33 0.017 0.08 0.014 

Pb 0.00 0.00 0 .13 0.20 

Fe 1.19 0.24 0.47 0.90 
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In the zone of interaction, there are marked variances 

in the COD values with precipitation. On the graph 

(Figure 6) the amount of COD is higher on days after 

rain. Peaks on the 26th and 30th of August and the 3rd, 

4th, and 8th of September are due to the fact that the 

samples were taken after a rainfall. This result indi-

cates that the urban runoff brings a load of COD into 

the wells and eventually the ground-water. Similar 

relationships with precipitation can be seen on the 

graphs for chlorides and nitrates. 

2. Conductivity: In the zone of ground-water in and around 

the wells, conductivity in all cases except for one tends 

to decrease on the day after precipitation. This is 

probably due to the low conductivity of the runoffs, 

averaging 60.5 u mhos/cm in the runoff of September 5. 

In Figure 7 the conductivity goes down on the 3rd and 8th 

of September which are days after precipitation. 

When the runoff enters the well it reacts with the 

ground-water which has a higher conductivity. 

3. Chlorides and nitrates: The graphs for chlorides (Figure 8) 

and nitrates (Figure 11) sho~ basically the same relation-

ship to precipitation as the values for COD. The peaks 

or high points on both graphs come after rainfall. The 

high points for both parameters fall on the 26th of August 

and the 3rd and 8th of September. The reason for the 

relatively low values for these parameters is that the 
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runoff does not have high levels of either substance. 

Table 10 gives representative values for these materials 

and they are similar to those recorded by Sartor and Boyd 

(24). The reason for the low values is the lack of source 

in an urban environment. 

In the appendix, the value for nitrate in the sample 

taken from well number 28 is much higher than the values 

of nitrate from the other samples. The probable reason 

for this is the collapse of a sewer line nearby and the 

resulting sewage seeping into the ground-water. 

4. Hardness: The low point on the hardness graph (Figure 10) 

occur on days after rainfall. The dates for these are the 

26th of August and the 3rd of September. The reason for 

this effect is the same as for the decrease in the con-

ductivity. The urban runoff as seen on Table VIII is not 

as hard as the ground-water which can be as high as 245 ppm 

of Caco3. The urban runoff in effect dilutes the ground-

water in the area of the wells after rains. 

5. Heavy metals: Figures 12, 13, and 14 give the heavy 

metal concentrations of the well water samples during 

the two-week test period. Peaks on all three graphs 

occur on September 1 which could be due to the runoff 

received by the wells on August 31. The high concen-

tration of iron could be due to the iron casings of the 

wells or outside sources. The urban runoff samples 

(Table VIII) taken on the 5th of September are relatively 
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free of heavy metals. Iron in the runoff around well 

number 20 is the probable reason for the high concen-

tration of iron in that zone of reaction. The reason 

for the low concentrations of metal in the runoff is 

that most of the streets were relatively clean due to 

past rainfall. 

6. Total Solids(volatile, suspended, and fixed): The samples 

analyzed by the State show low values of solids. This 

result tends to indicate that most of the solids washed 

into the well settle to the bottom and are slowly carried 

away by the ground-water 

7. Nutrients: In Table IX the values for phosphorous (ortho, 

total), Tkn, NH3-N, ND2-N, and N03-N are extremely low. 

This result (like the nitrate concentration in the two 

week test period) is due to lack of source. 
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Table IX. "Ground-Water Quality in Drainage Well Area" 

Wood's Well 
Parameter . Well 112 Well 19 Well 20 ·1131/74 8/2/74 

Alkalinity 51 101 

Total Solid, Total 102 143 
Volatile 48 33 
Fixed 54 110 

Suspended Solids, Total 2 3 
Volatile l l 
Fixed l 2 

Chloride (mg/l) l l l.25 1.0 l. l 

Hardness (mg/l of Caco3) 62 116 314. 15 314 300 

Total Kjeldahl Nitrogen 1.0 0.5 

Phosphorus, Total 0. l 0. l 

Phosphorus, Ortho 0. l 0. l-

Ammonia (mg/l as N) 0.2 0. l 

Nitrate (mg/l as N) 0.01- 0.01 

Nitrate (mg/l as N) 0.01 1.2 5.94 

Heavy Metal : Zn(ppm) 0.02 0.01 0.02 
Pb{ppm) 
Fe{ppm) 0.32 

Conductivity (umhos/cm) 321 351 378 

COD {mg/l) 68 48 3.38 2.00 l.90 



V. GROUND-WATER IN THE DRAINAGE WELL AREA 

Sampling and Analytical Procedure 

In order to obtain ground-water samples, the author pumped wells 

number 112, 19, and 20 for a period of 20 minutes. This time would 

have been long enough to clean out the uncirculated water in the casing. 

Two other samples of the ground-water were taken from a 75 foot well 

on the corner of Lee Avenue and Ellsworth Street (Wood's Well) which 

was used for gardening purposes. 

The sample of ground-water from well number 20 was taken on 

September 8 and analyzed by the author using the same procedures men-

tioned in the section concerning the zone of interaction. Water samples 

from wells number 19 and 112 were taken on September 19 and analyzed 

by the Virginia State Water Control Board. Samples from the Lee Avenue 

at Ellsworth Street well were taken on July 31 and August 2, which was 

two hours after a heavy rainstorm. The analyses of these samples were 

done by the author. 

Results 

Table IX gives the results of the laboratory analyses. Samples 

taken from wells number 112 and 19 have low values for nutrients, 

solids, and hardness but relatively high CODs. The ground-water sam-

ples from these wells never did get clear, but remained a light brown. 

The sample taken from well number 20 had extremely low values for COD, 

metals, and chlorides. High values for nitrates, hardness, and 
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conductivity were recorded for this sample. The two samples taken from 

Wood's well were low in chlorides, COD, heavy metals, and nitrates but 

had high values for hardness and conductivity. 

Discussion 

Each of the sampling stations varied in results. 

1. Wood's Well: Ground-water samples from Wood's well tend to indi-

cate that the over-all quality of the ground-water in the drainage 

well area is relatively high. The low values for chlorides, 

nitrates, heavy metals, and COD indicate that the water is not 

polluted. Unless this well lies in an entirely different fracture 

system than the drainage wells to the north and west, these ground-

water samples indicate that the urban runoff going into the ground-

water is significantly diluted and filtered so as not to affect the 

ground-water quality as was believed to have happened in Hawaii 

(25). The values for hardness and conductivity for a carbonate 

aquifer indicate, according to Jacobson and Langmuir (18), that 

the water had been in the system for a long period of time. The 

low chloride and hardness are within Waller's (7) range for the 

Cambrian-Ordovician carbonate geohydrologic unit. 

2. Wells Number 112 and 19: The ground-water quality in these wells 

is· very similar to the water samples taken after five minutes of 

pumping. This result indicates either that there is a zone of 

polluted water around the wells that has not been taken away by 

the moving ground-water or that the ground-water in the entire 
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fracture system in which the wells are drilled is polluted. The 

high values for COD and volatile solids indicate that there is much 

organic matter in the system. This result could be due to the set-

tlement of organic sediment to the bottom of the well. The rela-

tively low values for hardness indicate that the water had not been 

in the carbonate aquifer for a long period of time (18). The low 

values for nitrogen, phosphorus, ammonia, nitrite, and nitrate indi-

cate that the urban runoff in that residential area is not a large 

source for these nutrients. The amount of chloride is indicative 

of those waters found in the Cambrian-Ordovician Carbonate Geo-

hydrologic Unit (7). 

3. Well Number 20: The ground-water sample from this well indicates 

that the water in the fracture system is not entirely polluted and 

that the amount of pollution around each well is dependent on the 

local penneability of the bedrock. The low values of COD and heavy 

metals indicate a dilution of urban runoff in the ground-water. 

The relatively high value of nitrates may have been due to the 

breakage of a sewer line which occurred near well number 28 on 

September 6. The values for hardness and conductivity indicate 

that the ground-water had been in the rock for a relatively long 

period of time. The chlorides indicate that the water is from 

the Cambrian-Ordovician Geohydrologic Unit (7). 



VI. DIRECTION OF FLOW AND DISCHARGE OF THE GROUND-WATER 

IN THE DRAINAGE WELL AREA 

The direction of the flow of ground-water is extremely complicated 

in a carbonate aquifer. In this type of aquifer discharge usually 

occurs in large springs on creeks and rivers (13). In order to deter-

mine the direction of flow the author used two methods. One method 

involved use of water surface contours and the other was a dye test 

with Uranin dye which was recommended by Sweeting {13). 

The procedure for using water level contours has been mentioned 

earlier in the section concerning the ground-water surface in the 

Williamson Road area. Lines drawn perpendicular to the tangents of 

the water contour lines in Figure 3 indicate that the principal direc-

tion of the ground-water flow is toward Tinker Creek and the Roanoke 

River. At the points where Max Meadows and the Salem Fault cross 

Tinker Creek, there are large springs. These springs are the probable 

discharge points. It is possible, however, that during dry seasons 

the water table could go beneath Tinker Creek. 

A dye test was also used. Three pounds of Urnain dye were washed 

down into well number 23 on Crocket Avenue by a heavy rainfall on 

August 6. Activated carbon traps, which consisted of activated carbon 

placed inside two pieces of wire screen tied together with wire, were 

placed into Tinker Creek. Due to the increase of the flow of the 

stream several of the traps were washed away. Of the remaining traps, 

the locations of which are shown on the map (Figure 3) traps 2 and 3 

showed 45 percent and 35 percent absorbance, respectively, eight days 
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later when washed by methyl alcohol and tested in a Model 111 Fluoro-

meter. Trap number l showed only 10 percent absorbance. This result 

would tend to indicate that the ground-water does discharge in to the 

creek; however, due to the inability of the author to constantly moni-

tor the creek for oil and gas which could also be absorbed by the acti-

vated carbon and cause interference, the validity of the experiment can 

be questioned. When the traps were placed into the creek, the absorb-

ance of the water was zero. 

The direction of flow could sometimes be in the opposite direction, 

as seen in a dye test several years ago {personal communication with 

K. Breeding). In this experiment a dye was placed into a well north-

east of Roundhill to see the drainage of the urban runoff was the 

possible cause for the contamination of a now abandoned dairy farm well 

on Roundhill. Monitoring the well every other day, the dye showed up 

two months later thus going in the opposite direction at a much slower 

rate than in the authors dye test. This result would seem to be in 

agreement with LeGrand and Springfield (15) who state that fractures 

not in the bulk line of flow in carbonate bedrock are going to be 

smaller and, therefore, water will move through them more slowly. 



VII. CONCLUSIONS 

1. The geology of the Williamson Road area in Roanoke controls the 

ground-water surface as illustrated by the shaping of the water level 

contour map by the Salem Fault. 

2. The water surface conforming to the topography and the Salem Fault 

indicates that the fracture system is well developed in the area in 

accordance with Waller's previous work. 

3. The presence of a mound and a depression on the water surface map 

indicate that the permeability is not constant throughout the area. 

The ability of some wells to take more runoff than others is also indi-

cative of this. 

4. The water table is basically stable. Few of the wells showed large 

changes in their water levels from the time they were drilled to the 

present time. The wells that have large decreases or increases over the 

years in the water levels have changed mainly due to solution activity 

or sedimentation. 

5. Most of the wells are not able to handle all of the runoff during 

heavy rainstorms. The additional water causes the water table to rise 

above the bedrock into the soil. The soil, which is basically imperme-

able, is then eroded away. This effect leads to the formation of large 

rooms in the soil which can collapse at anytime. 

6. The interaction zone around a well is marked by fluctuations in 

chemical parameters before and after precipitation. Wide variations 

in COD, hardness, and conductivity and relatively little in nutrients, 

chlorides, and metals were noted. 
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7. The presences of lead in the runoff could be potentially harmful 

to the ground-water. 

8. Low nutrient concentrations indicate that there is relatively lit-

tle of these materials in urban runoff contributing to this type of 

contamination. 

9. Other possible sources of ground-water pollution, such as the col-

lapse of a sewer pipe due to a cave-in near well number 28, are prob-

ably more harmful to the ground-water than the urban runoff. 

10. The over-all high water quality indicates that the urban runoff 

is diluted and discharged rather rapidly. Local contamination around 

a well, however, could be problems. 

11. The direction of flow of the ground-water in the basin seems to 

be toward Tinker Creek. The principal discharge points are where the 

Max Meadows and Salem Fault crosses the stream. The ground-water, how-

ever, may flow in the opposite direction through lesser developed 

fractures. 

12. The quality of the water is affected by the Cambrian-Ordovician 

Geohydrologic Unit. The low chloride and the high hardness of the 

water tends to conform to Waller's (7) interpretation of the ground-

water in that unit. 

13. The ground-water in a limestone-dolomite region which has been 

highly faulted is extremely difficult to understand. 



VIII. RECOMMENDATIONS FOR FUTURE STUDIES 

1. Examination of the permeability of the bedrock by the use of a 

larger pump and the performance of a pump test. 

2. Examination of the water in the wells for fecal contamination. 

3. Study of the well in the colTITlercial section of Williamson Road to 

see how they compare to the residential section. 

4. A complete study of the urban runoff of the area. 

5. The determination of the flow the wells can accept now as compared 

to when they were first drilled. 

6. A more complete dye test with constant monitoring of the creek 

water, determining the exact point of discharge. A larger amount 

of another dye is reco1T111ended. 

7. The determination with the use of a Piper Diagram exactly how the 

water from the wells fits into the Cambrian-Ordovician Carbonate 

type of water. 

B. Due to the well developed fracture system, a mathematical model 

may be developed. From this work the movement of the ground-water 

may be better understood. 
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Table X. "COD Versus Date" 

Date We 11 112 Well 28 We 11 19 Well 20 Average 
{mg/1) {mg/1) {mg/1) (mg/1) {mg/1) 

8/26/74 23.00 69.50 65.45 78.50 59 .10 

8/28/74 18.00 45.00 43.75 39.30 36.50 

8/30/74 41.20 43.80 48.40 25.00 44.47 

9/1/74 44 .15 44.15 53.30 41.35 45.73 

9/3/74 41.38 49.69 45.34 41 .16 44.39 

9/5/74 13.22 29.96 23.10 26.84 28.28 

9/8/74 31.46 22.36 30.42 19.24 25.87 
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Table XI. "Conductivity Versus Date" 

Date Well 112 Well 28 Well 20 Well 19 Average 
(umhos/cm) (umhos/cm) (umhos/cm) (umhos/cm) (umhos/cm) 

8/26/74 334 340 399 390 366 

8/28/74 llO 120 120 149 125 

8/30/74 120 123 171 162 144 

9/1/74 124 llO 182 157 143 

9/3/74 92 87 92 72 86 

9/5/74 84 107 107 ll5 103 

9/8/74 79 92 81 83 81 
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Table XI. "Conductivity Versus Date" 

Date We 11 112 Well 28 Well 20 Well 19 Average 
(umhos/cm) (umhos/cm) (umhos/cm) (umhos/cm) (umhos/cm) 

8/26/74 334 340 399 390 366 

8/28/74 110 120 120 149 125 

8/30/74 120 123 171 162 144 

9/1/74 124 110 182 157 143 

9/3/74 92 87 92 72 86 

9/5/74 84 107 107 115 103 

9/8/74 79 92 81 83 81 
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Table XII. 11 Iron, Lead, and Zinc Versus Date" 

Date Parameter We 11 112 Well 28 Well 20 Well 19 Average 

8/26/74 Pb 
Fe 0.40 0.33 1.20 0.22 0.54 
Zn 0.022 0.026 0.013 0.015 

8/28/74 Pb 0. 13 0.3 0 .19 0.24 0.21 
Fe 1.16 0.076 2.29 0.64 1 .040 
Zn 0.010 0.021 0.042 0.048 0.030 

8/30/74 Pb 0 .12 0 .19 0 .1 0.13 0.13 
Fe 1.55 2.77 2.32 1.04 1.92 
Zn 0.026 0.048 0.022 0.043 0.030 

9/1/74 Pb 0 .14 0.20 0 .12 0.21 0 .17 
Fe 4.25 3.55 4.3 4.3 4. 1 
Zn o. 127 0.05 0 .165 0.165 0. 126 

9/3/74 Pb 0.15 0.04 
Fe 1.19 1.33 1.19 1.33 1.26 
Zn 0.060 0.093 0.026 0.093 0.068 

9/5/74 Pb 0.27 0.19 0. 11 
Fe 0.51 0.90 1.10 0.55 0. 77 
Zn 0.035 0.097 0.045 0.044 

9/8/74 Pb 0.2 0.14 0 .170 
Fe 0.62 0.64 1.84 0.50 0.900 
Zn 0.013 0.100 0.014 0 .031 0.017 
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Table XIII. "Chlorides Versus Date" 

Date Well ll 2 Well 28 Well 20 Well 19 Average 
(mg/l) (mg/l) (mg/1) (mg/l) (mg/l) 

8/26/74 0.26 2. 31 2. 31 3.59 2.69 

8/28/74 0.26 1.29 1.03 2.30 1.22 

8/30/74 1.02 2.04 2.55 2.04 1. 91 

9/1/74 1.56 2.60 3.64 1.5 2.32 

9/3/74 2.34 4.40 4.42 4.10 3.81 

9/5/74 1.12 2.60 1.87 1.37 1. 74 

9/8/74 2.95 3.95 2.42 2.42 2.26 
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Table XIV. "Nitrates Versus Date" 

Date Well ll 2 Well 28 Well 20 Well 19 Average 
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l) 

8/26/74 0.95 0.85 0.95 1.26 1.01 

8/28/74 0.85 0.85 0.95 0.85 0.87 

8/30/74 0.51 0.27 0.41 0.27 0.37 

9/1 /74 0.45 0.27 0.33 0.33 0.34 

9/3/74 0.61 0.48 1.07 0.91 0. 77 

9/5/74 0.36 0.27 1.87 0.65 0.79 

9/8/74 0.43 3 .12 0.74 0.74 1.14 
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Table XV. "Hardness Versus Date" 

Date Well 112 Well 28 Well 20 Well 19 Average 
(mg/l of (mg/l of (mg/l of (mg/l of (mg/l of 

CaC03) Caco3) CaC03) CaC03) CaC03) 

8/26/74 53.90 63. 70 88.20 73.50 69.83 

8/28/74 78.40 88.20 93.10 112. 70 93.10 

8/30/74 105.35 100.45 129.85 126.30 115.50 

9/1/74 93.60 88.80 132 .00 124.80 109.80 

9/3/74 61.25 36.75 78.40 66.15 60.63 

9/5/74 75.95 95.50 78.40 93.10 85.73 

9/8/74 98.00 151.90 115.15 112. 70 119 .43 
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Table XVI. "Average Temperature and pH Versus Date" 

Average Average 
Date Temperature pH 

8/26/74 15°C 7.0 

8/28/74 15°C 7 .1 

8/30/74 l6°C 7.0 

9/1/74 15°C 6.9 

9/3/74 l6°C 7.0 

9/5/74 l 5°C 7.0 

9/8/74 15°C 7.0 
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A STUDY OF THE EFFECT OF THE ARTIFICIAL RECHARGE 

OF URBAN RUNOFF IN ROANOKE, VIRGINIA 

by 

Phillip E. Brown 

(ABSTRACT) 

The rapid urbanization of the Williamson Road area of Roanoke 

during the late l940's and early l950's brought about the plugging of 

the natural passageways for the escape of surface waters and the pond-

ing of the urban runoff became a problem. In order to solve this, 

the city drilled several drainage wells. These wells gave the author 
I 

an 6pportunity to study: the effect of the geology on the ground-water, 

the ground-water quality, and the direction of flow of the ground-water. 

In order to study these, the author constructed a water-surface contour 
\ 

map, analyzed water samples after five minutes of pumping of four wells 

periodically during a two week period, analyzed ground-water samples, 

and performed a dye test. In conclusion, the water table is controlled 
I by the geology and topography of the district. The reaction of the 

urban runoff and the ground-water is one of diultion with loads of pol-

lutants going into the aquifer after each rain. The over-all quality 

of the ground-water is effected greatly by the rock in the aquifer. 

The flow of the ground-water seems to be toward Tinker Creek where it 

is discharged at large springs corresponding to major fault systems. 
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